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Concept Overview

Promote innovative synthetic biology approaches to
challenges across cancer research

* Engineer and cancer researcher partnerships

s Trans-NClI, National Institute of Biomedical Imaging and
Bioengineering (NIBIB) collaboration
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Opportunities to Engineer Biology for Cancer

« Design, construction, and @ _

. . . Sensor: senses environment,
characterization of Improved or molecules, etc. (e.g., engineered cell-
novel biological systems using surface receptor)
engineering design principles =
Synthetic Bio|ogy Processor: receives signal and

determines response (e.g.,

. orthogonal intracellular signal
« Enabled by advances with transduction)
cell/molecular engineering,
computation

output 1 al al»

« Complement to systems biology

« Transformative potential across Actuator: initiates the response (e.g., regulated
cancer blology prevention gene expression and function)
d. . d’ t t t ’ Adapted from Josh Leonard 2019
Iagnaosis, ana treatmen
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Capitalizing on the Opportunity: NCI-NIBIB Collaboration

* NIBIB supporting engineers for technology development .
PTG & . Research potential at

- NCI driving cancer research needs this intersection

Build on NIBIB and other NIH investment

* NIH Synthetic Biology Consortium, annual meeting
o Cancer challenges amenable to synthetic biology approaches
o More bridges across communities needed

« ~25 funded NIBIB grants
o Technology development, variety of biological systems (limited cancer)
o Projects primed for cancer application

@) NATIONAL CANCER INSTITUTE




Cancer-ready Technology Examples 1

o Engineering novel delivery systems with
synthetic biology

o R21 NIBIB, Tara Deans, University of
Utah

o Engineered platelets release therapeutic
content after receptor activation —
lysosomal storage diseases

o Now engineering platelets to target
circulating tumor cells (DP2 NClI,
Director's New Innovator Award)

A. B.
Complex Lysosoomal

Macromolecule Enzymes

E
S
e

Plateles

wild type
Platelet

n

ENO  Thrombin
1

Platelet g4

Platelet

Courtesy of Tara Deans

o Synthetic biology-based detection of
micronutrients with minimal equipment

o RO1 NIBIB, Mark Styczynski, Georgia
Tech

o Engineered bacteria sense
micronutrients and produce colored
pigment based on the concentration —
general nutrient deficiency

Violacein
Inoculum l F LW e
of colorless Add
cells Inducer
Incubate Lycopene
4 hours q Borderline
zinc
Fresh media Color system
(or serum) turned “on” H

Healthy
zinc

McNerney, M.P. et al. Nat Commun 10, 5514 (2019)



Cancer-ready Technology Examples 2

o CRISPR logic circuits for safer and o Recording and in situ readout of cell
controllable gene therapies lineage and transcriptional history

o RO1 NIBIB, Samira Kiani, University of o RO1 NIMH (Director’s Transformative
Pittsburgh Research Award), Long Cai and Michael

o Genetic safety switches to modulate Elowitz, Cal Tech
gRNA or Cas9 to spatiotemporally o Genomically integrated memory
control CRISPR - liver injury circuits to track and record single cell
application lineage — brain development focus

Constitutive/

cellcycle ~ Signal 1 Signal 2

SENSING P Proc = AcTUATION

) DEesIRED OUTCOME; *
% Interface with Genetic circuits C(ontrollable therapeut?c ‘[’d“k - LM- .[.--
éo extﬁf:é'::ﬁ;nd outcome (increase in o
signals 13-5:)_ safety, specificity) ‘[’ I :
O SP1 BC(1.1) SP2 BC(2.1) SP3 BC(3.1) ==
. —> —y- G ITING : : : Signal | — -
4 (A A L ~
@ Engineored | SP1 BC(1n) SP2 BC@2n) SP3 BC(3,) o ==
% —._ CRISPR :‘)_ —— —=
~—— —J designs - - -
BOOLEAN LOGIC GATES < - -
Cas9/gRNA KILL-SWITCH, MULTILAYER GENE - = A
CONTROL CIRCUITS MODULATION

Pineda M. et al. ACS Synth Biol 6, 1614 (2017)

Frieda, K.L. et al. Nature 541, 107 (2017)



Overall Goal

« Stimulate collaborations between engineers and cancer
researchers to expand use of synthetic biology to advance
understanding and management of cancer

o Bring more engineers and novel approaches and technologies
to cancer research

o Cancer research needs drive technology application

Processor: receives signal and
determines response (e.g.,
orthogonal intracellular signal
transduction)

Actuator: initiates the response (e.g., regulated
gene expression and function)

Adapted from Josh Leonard 2019

« Example research directions (technology and cancer research advancement)
o in situ recording of exposures and genetic changes in pre-cancer and cancer

o sensitive, minimally invasive biosensors to amplify signals and/or report levels of

cancer-related biomarkers

o targeted, controlled therapeutic delivery or therapeutic action using engineered

mammalian cells or microbes
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RFA Request

Synthetic Biology
Consortium & NCI
Networks/Consortia

B \C! Supported
I \BIB Supported

* UO1s: requirement for both cancer
research/oncology and engineering
expertise; multi-PI encouraged

* 4-6 awards (<$500k direct)

» Connect to NIH Synthetic Biology
Consortium & appropriate NCI
Networks/Consortia, including meetings

» Engineering Pls in SynBio Technology
Development Consortium

* RFA, FY21 set aside request
o Support emerging, promising area
o Limited NCI portfolio
o NCI-convened special review
o Partnership with NIBIB

Total budget request = $4.2 M total costs year one

$3.2 M from NCI and $1.0 M from NIBIB
(~75% NCI funding and ~25% NIBIB co-funding)




Fit Among Technology Development Examples

Prototyping & Advanced Scaling/Optimization Hardening & _ e Technology
Feasibility Development towards within Context of validation Dissemination Development
Demonstration Context of Use Use Pipeline

IMAT

NNOVATIV NOLECULAR ; CANCER-TASSUE : =
ENGINEERING COLLABORATIVE/

PHYSIC AL SCIENCES - NATIONAL CANCER INSTITUTE
iNONCOLOGY m) Academic Industrial

Partnerships

Bioengineering Research
Grants Program

Synthetic Biology for
Engineering Applications

NCI-NIBIB
Engineering Biology for
Cancer Applications
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Successful Application Features & Evaluation Metrics

Application Success

Significance of cancer research
guestion & potential of technology

Expertise: engineering, cancer,
mathematical modeling

Technology feasibility

Application in mammalian tissue or
model system
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Program Success

New collaborations

Publications, presentations, patents,
grants in areas

Research resources — models,
protocols, controllable cellular
components

Trained fellows and early-career
investigators
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RFA Request Summary — Trans-NCI & NIBIB Collaboration

Synthetic biology approaches addressing
important cancer research questions

« UO1s: requirement for both cancer
research/oncology and engineering
expertise

e 4-6 awards (<$500k direct)

Synthetic Biology
Consortium & NCI
Networks/Consortia

 RFA, FY21 set aside request

Total budget request = $4.2 M total costs year one

B NC! Supported $3.2 M from NCI and $1.0 M from NIBIB
B BB Supported (~75% NCI funding and ~25% NIBIB co-funding)
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